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(57) ABSTRACT

An image forming apparatus includes a multi-color mis-
alignment calculator that calculates an amount of multi-
color misalignment of multiple color misalignment detec-
tion test pattern images based on position readings outputted
by multiple test pattern image detectors, an image formation
condition adjusting unit that adjusts an image formation
condition of the image forming apparatus in accordance with
the amount of multi-color misalignment of the multiple
color misalignment detection test pattern images calculated
by the multi-color misalignment calculator, and a process
control unit that initiates a first multi-color misalignment
correction control mode including a skew misalignment
correction process and a second multi-color misalignment
correction control mode excluding the skew misalignment
correction process to correct multi-color misalignment of the
multiple color misalignment detection test pattern images. A
memory stores the amount of skew misalignment calculated
by the multi-color misalignment calculator when the process
control unit initiates the second multi-color misalignment
correction control mode.

11 Claims, 9 Drawing Sheets
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1
APPARATUS AND METHOD FOR FORMING
IMAGE

CROSS-REFERENCE TO RELATED
APPLICATION

This patent application is based on and claims priority
pursuant to 35 U.S.C. §119(a) to Japanese Patent Applica-
tion No. 2014-120930, filed on Jun. 11, 2014 in the Japan
Patent Office, the entire disclosure of which is hereby
incorporated by reference herein.

BACKGROUND

1. Technical Field

Embodiments of this invention relate to an image forming
apparatus, such as a printer, a copier, a facsimile machine,
etc., that forms multiple color misalignment detection test
pattern images to detect component color misalignment and
aligns multiple component color toner images based on
detection of these multiple color misalignment detection test
patterns, and a method of forming an image by detecting
component color misalignment and coinciding multiple
component color toner images based on detection of these
multiple color misalignment detection test patterns in the
image forming apparatus.

2. Related Art

In a known belt type image forming apparatus, an endless
intermediate transfer belt acting as an intermediate transfer
member is wound around multiple rollers to endlessly move
therearound. Four photoconductive members are brought in
contact with a front surface of the intermediate transfer belt
while forming four primary transfer nips therebetween,
respectively, to form component color toner images of Y
(yellow), M (magenta), C (cyan), and K (black). Subse-
quently, the Y, M, C, and K color toner images respectively
formed on the surfaces of the Y, M, C, and K photoconduc-
tive members are transferred and superimposed sequentially
on the intermediate transfer belt via the primary transfer nips
for Y, M, C, and K colors, respectively. Then, the superim-
posed Y, M, C, and K color toner images are secondarily
transferred onto a recording sheet at once as a full-color
image.

Instead of using the above-described belt type intermedi-
ate transfer belt, another known image forming apparatus
employs an endlessly moving sheet conveyor belt that holds
and conveys a recording sheet on a surface of the endlessly
moving sheet conveyor belt. Specifically, Y, M, C, and K
toner images respectively formed on the surfaces of Y, M, C,
and K color photoconductive members are directly trans-
ferred and superimposed on the recording sheet held on the
endlessly moving sheet conveyor belt thereby ultimately
becoming a full-color image thereon.

Since the multiple component color toner images, respec-
tively formed on the photoconductive members, are sequen-
tially transferred and superimposed on either the surface of
the intermediate transfer member such as an intermediate
transfer belt, etc., or that of the recording sheet held on the
intermediate transfer member, each of the above-described
image forming apparatuses is called a tandem-type image
forming apparatus.

SUMMARY

Accordingly, one aspect of the present invention provides
a novel image forming apparatus that includes multiple
latent image bearers to bear latent images; multiple latent
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2

image writing units to write multiple latent images and
multiple color misalignment detection test pattern images on
the multiple latent image bearers; and multiple developing
devices to render the multiple latent images and multiple
color misalignment detection test pattern images borne on
the multiple latent image bearers visible with toner of
component colors. Also included in the novel image forming
apparatus are multiple transfer units to transfer and super-
impose visible images rendered visible by the multiple
developing devices on the multiple latent image bearers onto
either an intermediate transfer member or a recording
medium; and multiple test pattern image detectors to detect
the multiple color misalignment detection test pattern
images transterred from the multiple latent image bearers
onto either the intermediate transfer member or the record-
ing medium and outputs position readings of the multiple
color misalignment detection test pattern images. Further
included in the novel image forming apparatus are a multi-
color misalignment calculator to calculate an amount of
multi-color misalignment of the multiple color misalign-
ment detection test pattern images including skew misalign-
ment thereof based on the position readings outputted from
the multiple test pattern image detectors; and an image
formation condition adjusting unit to change an image
formation condition of the image forming apparatus in
accordance with the amount of multi-color misalignment of
the multiple color misalignment detection test pattern
images calculated by the multi-color misalignment calcula-
tor. Yet further included in the novel image forming appa-
ratus are a process control unit to initiate a first multi-color
misalignment correction control mode and a second multi-
color misalignment correction control mode to correct the
multi-color misalignment of the multiple color misalign-
ment detection test pattern images by executing a skew
misalignment correction process during a system idling time
period to correct the skew misalignment and a misalignment
correction process other than the skew misalignment cor-
rection process during an image forming operation time
period, respectively; and a memory to store the amount of
skew misalignment calculated by the multi-color misalign-
ment calculator when the process control unit initiates the
second multi-color misalignment correction control mode
while excluding the skew misalignment correction process.
The process control unit initiates the first multi-color mis-
alignment correction control mode to execute the skew
misalignment correction process when the amount of skew
misalignment stored in the memory reaches a prescribed
threshold, and the multiple latent image writing units correct
the multi-color misalignment in accordance with the image
formation condition changed by the image formation con-
dition adjusting unit in the first and second multi-color
misalignment correction control modes.

Another aspect of the present invention provides a novel
method of forming an image that comprises the steps of:
starting a print job; writing multiple latent images on mul-
tiple latent image bearers with multiple latent image writing
units; and developing the multiple latent images borne on
the multiple latent image bearers into visible images with
multiple developing devices. The novel method further
comprises the steps of: transferring and superimposing the
visible images with multiple transfer units from the multiple
latent image bearers onto either an intermediate transfer
member or a recording medium; timely forming multiple
color misalignment detection test pattern images composed
of component color images on the multiple latent image
bearers; and transferring the multiple color misalignment
detection test pattern images composed of component color
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images onto either the intermediate transfer member or the
recording medium from the multiple latent image bearers.
The novel method further comprises the steps of: optically
detecting the multiple color misalignment detection test
pattern images with multiple test pattern image detectors on
either the intermediate transfer member or the recording
medium; generating position readings of the multiple color
misalignment detection test pattern images with the multiple
test pattern image detectors; and calculating an amount of
multi-color misalignment of each of the multiple color
misalignment detection test pattern images borne on either
the intermediate transfer member or the recording medium
with multi-color misalignment calculators based on the
position readings outputted from the multiple test pattern
image detectors, the multi-color misalignment including
registration and skew misalignments. The novel method
further comprises the steps of: changing an image formation
condition of the image forming apparatus per component
color with an image formation condition adjusting unit in
accordance with the amount of multi-color misalignment of
each of the multiple color misalignment detection test pat-
tern images calculated by the multi-color misalignment
calculator; initiating a second multi-color misalignment cor-
rection control mode including a registration misalignment
correction process and excluding a skew misalignment cor-
rection process during the print job to correct the registration
misalignment of the multiple color misalignment detection
test pattern images; and storing the amount of skew mis-
alignment calculated by the multi-color misalignment cal-
culator in a memory during the second multi-color misalign-
ment correction control mode. The novel method further
comprises the steps of: determining if the amount of skew
misalignment stored in the memory exceeds a prescribed
threshold; initiating a first multi-color misalignment correc-
tion control mode including the skew misalignment correc-
tion process to correct the skew misalignment of the mul-
tiple color misalignment detection test pattern images when
determination of the step of determining if the amount of
skew misalignment stored in the memory exceeds the pre-
scribed first threshold is positive; and driving multiple latent
image writing units in accordance with the image formation
condition changed by the image formation condition adjust-
ing unit during the first and second multi-color misalignment
correction control modes.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present invention
and many of the attendant advantages thereof will be more
readily obtained as substantially the same becomes better
understood by reference to the following detailed descrip-
tion when considered in connection with the accompanying
drawings, wherein:

FIG. 1 is a diagram schematically illustrating a configu-
ration of an exemplary image forming apparatus according
to one embodiment of the present invention;

FIG. 2 is an expanded view schematically illustrating a
configuration of an exemplary image formation unit for Y
color provided in the image forming apparatus of FIG. 1
according to one embodiment of the present invention;

FIG. 3 is a diagram partially illustrating an exemplary
operation of an opening and closing cover provided in the
image forming apparatus of FIG. 1 according to one embodi-
ment of the present invention;

FIG. 4 is a block diagram illustrating exemplary control
system that executes an image adjustment control process in
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the image forming apparatus of FIG. 1 by using a test pattern
according to one embodiment of the present invention;

FIG. 5 is an expanded view schematically illustrating an
exemplary test pattern image constituting the test pattern of
FIG. 4 according to one embodiment of the present inven-
tion;

FIG. 6 is a diagram schematically illustrating an exem-
plary position at which a pattern image for detecting posi-
tional deviation (i.e., misalignment) is formed during a
multi-color misalignment correction control mode running
in an system idling period of the image forming apparatus of
FIG. 1 according to one embodiment of the present inven-
tion;

FIG. 7 is a diagram schematically illustrating an exem-
plary position at which a pattern image for detecting posi-
tional deviation (i.e., misalignment) is formed during a
multi-color misalignment correction control mode during a
print job of the image forming apparatus of FIG. 1 according
to one embodiment of the present invention;

FIG. 8 is an enlarged view schematically illustrating an
exemplary first optical sensor provided in the image forming
apparatus of FIG. 1 according to one embodiment of the
present invention;

FIG. 9 is a flowchart illustrating an exemplary image
adjustment control process executed in the image forming
apparatus of FIG. 1 according to one embodiment of the
present invention; and

FIGS. 10A and 10B (collectively referred to as FIG. 10)
are flowcharts illustrating another exemplary image adjust-
ment control process executed in the image forming appa-
ratus of FIG. 1 according to one embodiment of the present
invention.

DETAILED DESCRIPTION

With the tandem-type image forming apparatus, produc-
tivity (i.e., the maximum number of printing sheets obtained
per unit time) is greatly improved.

However, when the temperature of components such as
lens, mirrors, etc., included in an optical system of the image
forming apparatus for the purpose of optically writing a
latent image on a photoconductive member changes, a path
of an optical writing beam slightly deviates accordingly in a
circumferential direction of the photoconductive member.
As a result, a latent image formation position relatively
deviates in a sub-scanning direction (i.e., a surface move-
ment direction of the photosensitive member) from that of
the other latent images of different component colors among
the multiple photoconductive members, thereby causing
so-called registration misalignment.

When misaligned toner images obtained via developing
processes implemented thereafter are transferred as is, since
each of the component color toner images is displaced from
every other in the sub-scanning direction, multi-color mis-
alignment accordingly occurs while degrading a color tone
of a full-color image.

Further, when either a scanning line of the optical system
inclines on a surface of the photoconductive member due to
a change in temperature or the like or a posture of the
photoconductive member itself is changed (i.e., tilts) for
some reason, so-called skew misalignment also occurs
thereon such that a posture of a toner image formed on the
photoconductive member is changed and relatively inclines
from that of the other toner image or images. The skew
misalignment also causes the multi-color misalignment as
well.
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Hence, in the tandem-type image forming apparatus, to
correct the multi-color misalignment occurring due to the
above-described registration and skew misalignment or the
like, multi-color misalignment correction control as herein
below described in detail is needed.

That is, a test pattern image composed of multiple test
pattern toner images of respective component colors is
initially formed on an intermediate transfer belt to detect
component color misalignment generated therebetween.
Subsequently, a position of each of the component color test
pattern toner images included in the test pattern image is
detected by a sensor or sensors, and an amount of multi-
color misalignment of each of the color test pattern toner
images is calculated based on the detection result. Subse-
quently, in accordance with the amount of multi-color mis-
alignment of each of the component color test pattern toner
images calculated based on the detection result, either an
optical path of the optical system or an image writing start
position for applicable component color or component col-
ors is adjusted by changing a pixel clock frequency or the
like.

The multi-color misalignment may be corrected while the
image forming apparatus idles. That is, a test pattern is
formed at a detection position or positions on the interme-
diate transfer belt (e.g., one end, a center, and the other end
of the intermediate transfer belt in its widthwise direction),
skew misalignment, registration misalignment, and magni-
fication misalignment (i.e., error) are detected and calcu-
lated. Subsequently, based on these calculation results,
either the optical path of the optical writing system or the
image writing start position of applicable component color
or colors are corrected and adjusted.

However, in this case, since the test pattern is formed in
a prescribed area on the intermediate transfer belt in which
an image is written corresponding to a recording sheet, the
multi-color misalignment correction control cannot be
implemented during a print job (i.e., image formation) and
needs to run during a system idling period when the print job
is stopped (hereinafter simply referred to as a system idling
period multi-color misalignment correction control).

By contrast, image forming apparatuses that execute
multi-color misalignment correction control during a print
job (hereinafter simply referred to as a print job-performing
period multi-color misalignment correction control) are
known. To correct the multi-color misalignment during the
print job and reduce a system downtime, a test pattern is only
formed on an intermediate transfer belt in an outside of a
region in which an image is written and detected during
continuous image formation on multiple recording sheets as
a job. Hence, multi-color misalignment correction control is
conducted during the print job based on a detection result of
the test pattern.

In general, correction control of registration misalignment
of' a multi-color image can be achieved based on a digital
technology. For example, an image writing position of an
applicable component color is corrected. By contrast, how-
ever, the skew misalignment of the multi-color image
requires mechanical adjustment, such as correction of a
position of a mirror etc., in an optical path of an optical
system in addition to digital adjustment of an applicable
component color. Since the mechanical adjustment generally
takes a relatively longer time, correction of the skew mis-
alignment as multi-color misalignment correction control is
not executed until the end of a print job. However, when
either a large number of images needs to be continuously
formed on multiple recording sheets or that of print jobs
need to be continued and the mechanical adjustment is not
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executed until the end of the print job, the skew misalign-
ment undesirably accumulates. To avoid such accumulation
of the skew misalignment, an interval between multi-color
misalignment correction control processes (i.e., system
idling periods) is conventionally shortened.

Referring now to the drawings, wherein like reference
numerals designate identical or corresponding parts
throughout the several views thereof, and in particular to
FIG. 1, an image forming apparatus that employs electro-
photography is schematically illustrated with a block dia-
gram according to one embodiment of the present invention.
Specifically, as shown in the drawing, the image forming
apparatus is provided with four image formation units 6Y,
6M, 6C, and 6K to respectively produce toner images of
yellow, magenta, cyan, and black colors (hereinafter simply
referred to as Y, M, C, and K). Although these four image
formation units 6Y, 6M, 6C, and 6K employ component
color toner particles as coloring material different from each
other, these units are otherwise similarly configured and are
each replaced when reaching its life. Now, an image forma-
tion unit 6Y for forming a Y color toner image is herein
below typically described as one example. As shown in FIG.
2, the image formation unit 6Y as an image forming device
includes a drum-shaped photoconductive member 1Y as a
latent image bearer, a drum cleaning unit 2Y, an electric
charge removing device (not shown), an electric charger 4Y,
and a developing device 5Y or the like. The image formation
unit 6Y is detachably attached to a main body of the image
forming apparatus as a unit.

The electric charger 4Y uniformly charges a surface of the
drum-shaped photoconductive member 1Y driven and
rotated clockwise by a driving unit not shown in the draw-
ing. The surface of the photoconductive member 1Y bearing
the uniform charge thereon is then subjected to scanning
exposure of a laser light beam L thereby bearing an elec-
trostatic latent image thereon. This Y color electrostatic
latent image is then developed and rendered to be a toner
image by a developing device 5Y that utilizes Y color
developer containing Y color toner and magnetic carrier.
Subsequently, the toner image is primarily transferred onto
an intermediate transfer belt 8 in a primary transfer process
as described later in detail. A drum cleaning unit 2Y then
eliminates transfer residual toner adhering to the surface of
the photoconductive member 1Y that has completed the
primary transfer process. The above-described electric
charge removing device removes residual electric charge
remaining on the surface of the photoconductive member 1Y
having completed a cleaning process. Hence, the surface of
the photoconductive member 1Y is initialized in the charge
removing process and is prepared for the next image for-
mation. In the other remaining component color imaging
forming units 6M, 6C and 6K, multiple component color
toner images M, C, and K are also formed at the same time
on the respective photoconductive members 1M, 1C and 1K
in a similar way and are superimposed on the intermediate
transfer belt 8 during the primary transfer processes.

The developing device 5Y as a developing device
includes a developing roller 51Y partially exposed from an
opening of a housing thereof. The developing device 5Y
includes two developer conveying screws 55Y disposed in
parallel to each other, a doctor blade 52, and a toner density
sensor 56Y or the like as well.

In the housing of the developing device 5Y, Y color
developer including magnetic carrier and Y color toner, not
shown, is accommodated. The Y color developer is agitated
and conveyed by the two developer conveying screws 55Y
while being triboelectrically charged and is ultimately borne
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on a surface of the developing roller 51Y. Subsequently,
when a layer thickness of the Y color developer has been
regulated (i.e., flattened) by the doctor blade 52Y, the Y
color developer is conveyed to a development region oppo-
site the photoconductive member 1Y for Y color. Here, the
Y color toner adheres to the electrostatic latent image borne
on the photoconductive member 1Y. With this adhesion, a Y
color toner image is ultimately formed on the photoconduc-
tive member 1Y. In the developing device 5Y, the Y color
developer having consumed the Y color toner therein in the
above-described developing process is returned to the hous-
ing as the developing roller 51Y rotates.

Here, a partition wall is provided in the housing between
these two developer conveying screws 55Y. With the parti-
tion wall, a first developer supply unit 53 that accommodates
the developing roller 51Y and the developer conveying
screw 55Y located on the right side in the drawing or the like
is separated in the housing from a second developer supply
unit 54Y that accommodates the developer conveying screw
55Y located on the left side in the drawing. The developer
conveying screw 55Y located on the right side in the
drawing is driven and rotated by a driving unit, not shown,
thereby conveying the Y color developer stored in the first
developer supply unit 53Y from a front side to a back side
in the drawing and ultimately into the developing roller 51Y.
Here, the Y color developer conveyed by the developer
conveying screw 55Y located on the right side in the
drawing near the end of the first developer supply unit 53Y
enters the second developer supply unit 54Y through an
opening, not shown, provided in the above-described parti-
tion wall. In the second developer supply unit 54Y, the
developer conveying screw 55Y located on the left side in
the drawing is driven and rotated by a driving unit, not
shown, and conveys the Y color developer transferred from
the first developer supply unit 53Y in an opposite direction
to that in which the developer conveying screw 55Y on the
right side in the drawing conveys the Y color developer.
Thus, the Y color developer is conveyed near the end of the
second developer supply unit 54Y by the developer convey-
ing screw 55Y located in the left side in the drawing and
returns to the first developer supply unit 53Y via another
opening (not shown) provided in the above-described par-
tition wall.

A toner density sensor 56Y composed of a magnetic
permeability sensor is provided on a bottom wall of the
above-described second developer supply unit 54Y and
outputs a voltage in accordance with a magnetic permeabil-
ity of the Y developer passing through thereabove. Since the
magnetic permeability of the two-component developer con-
taining toner and magnetic carrier indicates a good correla-
tion between toner density and itself, a toner density sensor
56Y accordingly outputs a voltage in accordance with toner
density of the Y color toner. The output voltage of the toner
density sensor 56Y is transmitted to a control unit, not
shown. The control unit, not shown, includes a RAM
(Random Access Memory) that stores a Vtref for Y color as
a target value for the output voltage outputted from the toner
density sensor 56Y. In the RAM, data of Vtref, Vtref, and
Vitret for M, C, and K colors are also stored as target values
for the output voltages outputted from the respective toner
density sensors, not shown, mounted on the other develop-
ing devices. The Vtref for Y color is used to control
operation of the later described toner conveying device for
Y color, not shown. Specifically, to bring the output voltage
outputted from the toner density sensor 56Y close to the
Vtref for Y color, the above-described control unit controls
operation of the toner conveying device for Y color to supply
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the Y color toner into the second developer supply unit 54Y.
With the above-described supply, density of the Y color
toner included in the Y color developer stored in the devel-
oping device 5Y is maintained within a prescribed range. In
each of the developing devices included in the other process
units, supplying of toner is similarly controlled by using
each of M, C, and K color toner conveying devices as well.

As described earlier with reference to FIG. 1, below the
image formation units 6Y, 6M, 6C, and 6K, the optical
writing unit 7 acting as a latent image formation unit is
disposed. The optical writing unit 7 provides optical scan-
ning to each of the photoconductive members 1Y to 1K
respectively included in the image formation units 6Y, 6M,
6C, and 6K by using the laser light beam L emitted based on
image information. With this optical scanning, multiple
electrostatic latent images of Y, M, C, and K colors are
formed on the photoconductive members 1Y, 1M, 1C, and
1K, respectively. Here, in the optical writing unit 7, the laser
light beam L emitted from a light source is diffused by a
polygon mirror driven and rotated by a motor and is irradi-
ated to scan the photoconductive member while passing
through multiple optical lenses and mirrors.

Below the optical writing unit 7 in the drawing, a sheet
accommodating unit including a sheet accommodating cas-
sette 26 and a sheet feeding roller 27 built therein or the like
is disposed. The sheet accommodating cassette 26 accom-
modates a stack of multiple recording sheets P as sheet like
recording media. A sheet feeding roller 27 is provided while
contacting the topmost recording sheet P. Hence, when the
sheet feeding roller 27 is rotated by a driving unit, not shown
in the drawing, counterclockwise, the topmost recording
sheet P is launched toward a sheet supplying path 70.

Near the end of the sheet supplying path 70, a pair of
registration rollers 28 is disposed. Here, although the pair of
registration rollers 28 is rotated to pinch the recording sheet
P therebetween, both registration rollers immediately stop
rotating when having pinched the recording sheet P ther-
ebetween. Subsequently, both registration rollers resume
rotation at a prescribed appropriate time to further feed the
recording sheet P downstream toward the later described
secondary transfer nip.

As shown in the drawing, above the image formation units
6Y, 6M, 6C, and 6K, a transfer unit 15 is disposed, in which
an intermediate transfer belt 8 acting as an intermediate
transfer member is suspended and is endlessly moved and
rotated. The transfer unit 15 includes a secondary transfer
bias roller 19 and a cleaning unit 10 beside the intermediate
transfer belt 8. The transfer unit 15 also includes four
primary transfer bias rollers 9Y, 9M, 9C, and 9K, a driving
roller 12, a cleaning backup roller 13, and a secondary
transfer nip inlet roller 14 or the like. Hence, the interme-
diate transfer belt 8 is endlessly moved counterclockwise in
the drawing by the driving roller 12 with its being wound
around each of these seven rollers.

Thus, these primary transfer bias rollers 9Y, 9M, 9C, and
9K and the photoconductive members 1Y, 1M, 1C, and 1K
sandwich the endlessly moving intermediate transfer belt 8
and form the primary transfer nips there between, respec-
tively. To each of these primary transfer bias rollers 9Y, 9M,
9C, and 9K, a primary transfer bias having a reverse polarity
(e.g., positive polarity) to that of toner is applied. The
above-described rollers other than the primary transfer bias
rollers 9Y, 9M, 9C, and 9K are all electrically grounded.

As the intermediate transfer belt 8 endlessly moves while
sequentially passing through the primary transfer nips for Y,
M, C, and K colors, the toner images Y, M, C, and K borne
on the respective photoconductive members 1Y, 1M, 1C,
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and 1K are primarily transferred sequentially and superim-
posed thereon. With this, a four-component color superim-
posed toner image (hereinafter simply referred to as a
four-component color toner image) is formed on the inter-
mediate transfer belt 8.

The driving roller 12 and a secondary transfer bias roller
19 acting as a contact/separation mechanism sandwich the
intermediate transfer belt 8 and form a secondary transfer
nip therebetween. Hence, the four-component color toner
image formed and borne on the intermediate transfer belt 8
is transferred onto a recording sheet P in the secondary
transfer nip. Accordingly, in association with white color of
the recording sheet P, the four-component color toner image
is rendered to be a four-component color toner image. The
driving roller 12 that drives the intermediate transfer mem-
ber and the secondary transfer bias roller 19 are made of
rubber in consideration of transferability of a full color toner
image onto the recording sheet P as commonly made in the
past.

Further, a contact/separation mechanism is provided to
enable the secondary transfer bias roller 19 to either engage
or disengage with the driving roller 12 that drives the
intermediate transfer member. The contact/separation
mechanism desirably employs a spring or the like. To ensure
transfer performance of a toner image required when it is
transferred from the intermediate transfer belt 8 onto the
recording sheet P during the secondary transfer process, the
secondary transfer bias roller 19 is brought in contact with
the driving roller 12. By contrast, when multi-color mis-
alignment correction control is implemented during a system
idling period, to prevent both contamination of the second-
ary transfer bias roller 19 due to adhesion of toner and blur
of positional deviation (i.e., misalignment) detection pattern
images 42 or the like, the secondary transfer bias roller 19
is separated from the driving roller 12. Here, the system
idling period represents a time when a print job is not
conducted in the image forming apparatus. Furthermore,
when the multi-color misalignment correction control is
implemented during the print job, since a toner image is
actually transferred onto the recording sheet P at the same
time, the secondary transfer bias roller 19 is also brought in
contact with the driving roller 12.

Here, to the intermediate transfer belt 8 passing through
the secondary transfer nip, transfer residual toner not trans-
ferred onto the recording sheet P adheres. However, the
transfer residual toner is cleaned by the cleaning unit 10 after
that. The recording sheet P with the four-component color
toner image transferred at once in the secondary transfer nip
is sent to the fixing device 20 via a post-transfer conveyance
path 71.

The fixing device 20 includes a fixing roller 20a that
accommodates a heat source such as a halogen lamp, etc.,
and a rotatable pressing roller 205 that presses against the
fixing roller 20a with a given pressure and forms a fixing nip
therebetween. Hence, the recording sheet P fed into the
fixing device 20 is caught by the fixing nip with its surface
bearing an unfixed toner image tightly brought in contacted
with the fixing roller 20a. Subsequently, with impacts of
heat and pressure, toner in the toner image is softened, so
that the full-color image is fixed onto the recording sheet P.

After leaving the fixing device 20 bearing the full-color
image fixed thereon in the fixing device 20, the recording
sheet P approaches a fork formed between a sheet ejection
path 72 and a sheet pre-inversion conveyance path 73. At the
fork, a first switching nail 75 swings to switch a course of
the recording sheet P to advance. Specifically, the first
switching nail 75 provides a course directed toward the sheet
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ejection path 72 to the recording sheet P when a nail tip
thereof is moved closer to the pre-inversion conveyance path
73. By contrast, the first switching nail 75 provides another
course directed toward the pre-inversion conveyance path 73
to the recording sheet P when the nail tip thereof is distanced
from the pre-inversion conveyance path 73.

When the course heading to the sheet ejection path 72 is
selected by the first switching nail 75, the recording sheet P
is ejected outside the image forming apparatus from the
sheet ejection path 72 after passing through a pair of sheet
ejection rollers 100 and is stacked on a stack 50a established
on the top of a body of the image forming apparatus. By
contrast, when the course heading to the pre-inversion
conveyance path 73 is selected by the first switching nail 75,
the recording sheet P enters a nip formed between a pair of
inversion rollers 21 after passing through the pre-inversion
conveyance path 73. Although it pinches and conveys the
recording sheet P toward the stack section 50qa, the pair of
inversion rollers 21 reversely rotates just before the end of
the recording sheet P enters the nip formed therebetween.
With this reversal, the recording sheet P is reversely con-
veyed in an opposite direction to a previously advancing
direction, so that the end of the recording sheet P accord-
ingly enters the inversion conveyance path 74.

The inversion conveyance path 74 extends downwardly
while curving from the upper side in a vertical direction. The
inversion conveyance path 74 includes a pair of first inver-
sion conveyance rollers 22, a pair of second inversion
conveyance rollers 23, and a pair of third inversion convey-
ance rollers 24. Hence, the recording sheet P is turned upside
down when conveyed through nips formed between each
pair of rollers sequentially. The recording sheet P turned
upside down is returned to the above-described sheet sup-
plying path 70 and then reaches the secondary transfer nip
again. The recording sheet P enters the secondary transfer
nip while bringing a non-image bearing surface thereof in
tightly contact with the intermediate transfer belt 8, so that
a four-component color toner image borne on the interme-
diate transfer belt 8 is secondary transferred at once on to the
non-image bearing surface thereof. After that, the recording
sheet P is stacked on the stack section 50a located outside
the image forming apparatus via a post conveyance paths 71,
the fixing device 20, the sheet ejection path 72, and the pair
of sheet ejection rollers 100. With this inversion conveyance
of the recording sheet P, a full-color image is ultimately
formed on both sides of the recording sheet P.

Further, between the transfer unit 15 and the stack section
50a located thereabove, there is disposed a bottle supporting
unit 31. The bottle supporting unit 31 accommodates mul-
tiple toner bottles 32Y, 32M, 32C, and 32K acting as toner
containers to store Y, M, C, and K toner particles, respec-
tively. These Y, M, C, and K toner particles stored in the
toner bottles 32Y, 32M, 32C, and 32K are supplied to the
developing devices of the image formation units 6Y, 6M,
6C, and 6K by respective toner conveying devices, not
shown, from time to time. Each of these toner bottles 32V,
32M, 32C, and 32K is detachably attached to the body of the
image forming apparatus independently from the image
formation units 6Y, 6M, 6C, and 6K.

The inversion conveyance path 74 is established in an
opening and closing cover. The opening and closing cover
includes an external cover 61 and a swinging support
member 62. Specifically, the external cover 61 of the open-
ing and closing cover is supported to swing around a first
rotary shaft 59 attached to a housing 50 of the main body of
the image forming apparatus. With this swinging, the exter-
nal cover 61 opens and closes an opening, not shown,
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formed in the housing 50. Further, as shown in FIG. 3, the
swinging support member 62 is held on the external cover 61
to be exposed while swinging around a second rotary shaft
63 attached to the external cover 61 when the external cover
61 is opened. With this swinging, since the swinging support
member 62 swings around the second rotary shaft 63 of the
external cover 61 when it is opened from the housing 50 and
the external cover 61 accordingly separates from the swing-
ing support member 62, the inversion conveyance path 74 is
exposed. Since the inversion conveyance path 74 is exposed,
a sheet jamming in the inversion conveyance path 74 can be
easily removed.

FIG. 4 is a block diagram schematically illustrating an
exemplary function to adjust an image using a test pattern.
As shown, a control unit 250 acting as a control device
includes a test pattern forming unit 250q, a misalignment
amount calculation unit 2505, an adjustment unit 250¢, and
an adjustment executing time control unit 250e or the like.

The test pattern forming unit 250a forms a test pattern by
controlling the optical writing unit 7 at a detection position
on the intermediate transfer belt either within an region in
which an image is written corresponding to a recording sheet
or outside the region thereof. The misalignment amount
calculation unit 2505 calculates amounts of various mis-
alignments of the test pattern based on results of detection of
the test patterns transmitted from a test pattern detecting unit
251.

The adjustment unit 250¢ conducts an image adjustment
process based on an amount of misalignment calculated by
the misalignment amount calculation unit 2505. Specifically,
in the image adjustment process, an optical path extending
in the optical system is corrected for each component color
and/or a pixel clock frequency is changed to correct an
image writing start position for each component color or the
like. Since it is digitally corrected based on the calculated
amount of misalignment, the correction of the image writing
start position for each component color can be relatively
quickly completed. By contrast, the correction of the optical
path extending in the optical system for each component
color relatively takes a long time, because it is conducted by
mechanically moving the optical system including a light
source and an f-Blens as well as a mirror disposed in the
optical path to align positions of respective optical paths of
respective component colors with each other based on the
amount of misalignment.

Further, the adjustment unit 250¢ also selectively sets one
of a system idling period multi-color misalignment correc-
tion control mode and a print job performing period multi-
color misalignment correction control mode as well. In the
system idling period multi-color misalignment correction
control mode, an image adjustment process as multi-color
misalignment correction control is conducted by forming a
test pattern at the detection position on the intermediate
transfer belt located both within the region corresponding to
the recording sheet, in which an image is formed, and
outside the region thereof as well. By contrast, in the print
job performing period multi-color misalignment correction
control mode, an image adjustment process as multi-color
misalignment correction control is conducted by forming a
test pattern at the detection position on the intermediate
transfer belt located outside the region, in which an image is
formed corresponding to the recording sheet. Furthermore,
the adjustment unit 250¢ sets a mode and controls formation
of a test pattern corresponding to the mode and aligns an
applicable image or images based on an amount of mis-
alignment as well.
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Hence, the control unit 250 corrects a condition of image
formation in accordance with the adjusted amount of mis-
alignment, and conducts an image formation process by
controlling the writing unit 7 and drive sources for driving
the photoconductive members 1Y, 1M, 1C, and 1K in
accordance with the image formation condition corrected in
this way. Specifically, in the print job performing period
multi-color misalignment correction control mode, in which
an image adjustment process is conducted by forming a test
pattern at a detection position on the intermediate transfer
belt located outside the region in which an image is written
corresponding to a recording sheet, a skew misalignment
amount is stored in a memory unit 253 acting as data storage.

The adjustment executing time control unit 250e analyzes
various factors related to a time to perform multi-color
misalignment correction control, such as the number of fed
job sheets, an amount of skew misalignment stored in the
memory unit 253, a temperature of the image forming
apparatus, an elapsed time, etc., and controls an execution
flag. The print job control unit 252 outputs a print job start
instruction signal to the control unit 250 to start both image
formation of each page and a test pattern image as well. The
print job control unit 252 also transmits information of the
number of print job remaining sheets and that of remaining
print jobs to the control unit 250.

Hence, a positional deviation (i.e., misalignment) detec-
tion pattern image 42 shown in FIG. 5 is formed at the
detection position on the intermediate transfer belt 8 (see
FIG. 1) in its widthwise direction. The positional deviation
(i.e., misalignment) detection pattern image 42 includes
multiple first position detection images 11C, 11K, 11Y, and
1M respectively arranged at a predetermined length of
interval in a sub-scanning direction. The positional deviation
(i.e., misalignment) detection pattern image 42 also includes
multiple second position detection images 12C, 12K, 12Y,
and 12M arranged subsequent to the first position detection
images [1C, 11K, 11Y, and [1M at a predetermined length of
interval again. Here, in the drawing, a direction shown by
arrow X indicates a main scanning direction (i.e., an axial
direction of the photoconductive member). By contrast, a
direction shown by arrow Y indicates the sub-scanning
direction (i.e., a surface moving direction of the photocon-
ductive member). As shown, these first position detection
images [1C, [1K, 11Y, and I[1M are formed while extending
in the main scanning direction X. By contrast, these second
position detection images 12C, 12K, 12Y, and I12M are
formed while inclining from the direction X by about 45 [°]
(i.e., an angle of 45 degrees).

FIG. 6 illustrates an exemplary formation position at
which the positional deviation (i.e., misalignment) detection
pattern image is formed when multi-color misalignment
correction control is conducted in a system idling period. As
shown there, three sets of positional deviation (i.e., mis-
alignment) detection pattern images (42a, 42b, and 42¢)
having the same structure as the positional deviation (i.e.,
misalignment) detection pattern image 42 shown in FIG. 5§
are formed at each of one end, a center, and the other end of
the intermediate transfer belt 8 in its widthwise direction
(i.e., in the main scanning direction), respectively. FIG. 7
also illustrates another exemplary formation position at
which the positional deviation (i.e., misalignment) detection
pattern image 42 is formed when multi-color misalignment
correction control is conducted during the print job. As
shown there, two sets of positional deviation (i.e., misalign-
ment) detection test pattern images 42a and 42¢ having the
same structure as the positional deviation (i.e., misalign-
ment) detection pattern image 42 shown in FIG. 5 are
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formed at side ends other than a center of the intermediate
transfer belt 8 in its widthwise direction, respectively. Spe-
cifically, in the multi-color misalignment correction control
conducted during the print job, the positional deviation (i.e.,
misalignment) detection pattern image 425 possibly formed
at the widthwise center of the intermediate transfer belt 8 is
not formed as different from that conducted during the
system idling period. That is, in the multi-color misalign-
ment correction control conducted during the print job, since
the positional deviation (i.e., misalignment) detection pat-
tern image 42 is formed in parallel with an image formation
process, the positional deviation (i.e., misalignment) detec-
tion pattern image 42 can be formed on the intermediate
transfer belt only at side ends thereof outside an region to
write an image therein corresponding to a recording sheet.

Of the whole front surface region of the intermediate
transfer belt 8 in its circumferential direction, an optical
sensor unit 150 is opposed, via a prescribed gap, to a
prescribed front surface region (i.e., an outer surface of a
loop) located downstream of a winding position winding the
driving roller 12 and up stream of a pressure position pressed
by a pressing roller 11. Specifically, as shown in FIGS. 6 and
7, the optical sensor unit 150 includes a first optical sensor
150a opposed to the one end of the intermediate transfer belt
8, a second optical sensor 1505 opposed to the center
thereof, and a third optical sensor 150¢ opposed to the other
end thereof.

FIG. 8 is an enlarged view typically illustrating an exem-
plary configuration of the first optical sensor 150a. The first
optical sensor 150a includes a light emitting part 151a that
emits light toward a front surface of the intermediate transfer
belt 8 and a light receive part 152a that receives light
reflected by the front surface of the intermediate transfer belt
8 and outputs a signal in accordance with intensity of the
reflected light. Out of the entire front side region of the
intermediate transfer belt 8, a prescribed front side region in
which the positional deviation (i.e., misalignment) detection
pattern image is not formed, specifically, toner does not
adhere thereto, provides relatively intensive reflective light.
By contrast, out of the entire front side region of the
intermediate transfer belt 8, a prescribed front side region in
which the positional deviation (i.e., misalignment) detection
pattern image is formed, specifically, toner adheres thereto,
provides a reduced amount of reflective light. Hence, due to
the reduction of the amount of reflected light in this way, the
positional deviation (i.e., misalignment) detection pattern
image can be detected. Further, beside detecting the posi-
tional deviation (i.e., misalignment) detection pattern image
like this, the first optical sensor 150a¢ may detect multiple
test images included in the later described line velocity
changing pattern as well.

Although the first optical sensor 150q is describing here-
tofore, the second and third optical sensors 15056 and 150c¢
have the similar configurations to that of the first optical
sensor 150a. Multiple signals transmitted from the respec-
tive light receive parts of the optical sensors 150a to 150c¢
are transmitted to a test pattern detecting unit 251. The test
pattern detecting unit 251 includes an A/D conversion circuit
that converts a digital signal transmitted from the receiver
into an analog signal. The test pattern detecting unit 251
detects the positional deviation (i.e., misalignment) detec-
tion pattern image and the test image when a digital value
obtained after the A/D conversion falls below a predeter-
mined threshold. Subsequently, the test pattern detecting
unit 251 immediately outputs a detection signal to a mis-
alignment amount calculation unit 2505.
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Here, as the positional deviation (i.e., misalignment)
generated between respective component color images,
skew misalignment occurring due to inclination of posture
of each of Y, M, and C toner images from that of a K toner
color image acting as a reference color is exemplified. The
positional deviation (i.e., misalignment) generated between
respective component color images also includes a registra-
tion misalignment of the sub-scanning direction, in which all
of image forming positions of Y, M, and C toner images are
shifted from that of the K toner image in the sub-scanning
direction. The positional deviation (i.e., misalignment) gen-
erated between respective component color images further
includes misalignment occurring due to the whole magnifi-
cation error in the main scanning direction and registration
misalignment in the same direction as well. Here, the
registration misalignment in the sub-scanning direction is
misalignment of an image forming position of the entire
toner image from a normal position in the sub-scanning
direction.

Now, a method of calculating amounts of various mis-
alignments when a test pattern is detected is specifically
described herein below with reference to FIG. 5. Each of the
optical sensors 150a, 1505 and 150¢ placed at the above-
described sensor positions in the drawing detects a mark line
of the test pattern at a predetermined sampling time interval.
Based on the detection result, the misalignment amount
calculation unit 2505 (see FIG. 4) calculates lengths of
intervals between respective lateral component color pat-
terns and those between the lateral line patterns and corre-
sponding diagonal line patterns, respectively.

Then, various misalignment amounts are calculated based
on the lengths of respective intervals calculated in this way.

That is, when an amount of registration misalignment in
the sub-scanning direction (i.e., a multi-color misalignment
amount in the sub-scanning direction) is calculated, lengths
of intervals Lck, Lky, and Lkm between the pattern of the
reference color K and those of target component colors of Y,
M, and C are each calculated initially based on detection
data of the lateral line patterns. Calculation results are then
compared with lengths of default intervals Lck0, LkyO, and
LkmO previously stored as defaults (i.e., initial settings),
respectively. Subsequently, respective differences between
the detected lengths of intervals and default lengths of
intervals (e.g., Lck-LekO, Lky-LkyO, and Lkm-LkmO) are
regarded as registration misalignment amounts generated in
the respective Y, M, and C colors from the reference
component color K in the sub-scanning direction.

When a registration misalignment amount in the main
scanning direction (i.e., a multi-color misalignment amount
in the main scanning direction) is calculated, lengths of
intervals between the K to C color lateral line patterns and
the diagonal line patterns Lec, Lkk, Lyy, and Lmm are
correspondingly calculated, respectively. Subsequently,
based on these lengths of intervals calculated in this way,
differences between the length of the interval between the
reference component color K and each of the respective
lengths of the intervals between the other component colors
C,Y, and M are calculated. That is, the difference Lkk-Lyy
between the lengths of the respective intervals of K and Y,
the difference Lkk-Lmm between the lengths of the respec-
tive intervals of K and M, and the difference Lkk-Lcc
between the lengths of the respective intervals of K and C
are calculated. When misalignment occurs in the main
scanning direction, since the diagonal pattern inclines by a
given angle from the main scanning direction, an interval
between the lateral line pattern and the diagonal pattern
either expands or narrows greatly more than that of the
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reference component color. Accordingly, these differences
can be regarded (i.e., determined) as registration misalign-
ments in the main scanning direction.

The skew misalignment amount and the magnification
error in the main scanning direction can be obtained based
on a combination of detection results of the respective
optical sensors 1504 to 150c. That is, the skew misalignment
amount can be obtained by calculating an amount of differ-
ence between sub-scanning registration misalignments
respectively calculated based on the detection results of the
optical sensors 150a and 150¢. The main scanning direction
magnification error can be also obtained by calculating an
amount of difference between sub-scanning registration mis-
alignments respectively calculated based on detection
results of the optical sensors 150a and 1505, while calcu-
lating an amount of difference between the sub-scanning
registration misalignments respectively calculated based on
detection results of the optical sensors 1505 and 150¢ at the
same time as well.

Subsequently, based on the calculated various amounts of
misalignments, a multi-color misalignment amount adjust-
ing process is implemented to adjust the various amounts of
misalignments calculated in this way. Then, based on the
adjusted amount of misalignment, an image correction pro-
cess is implemented to correct an image formation process-
ing condition under which component color images are
formed on the intermediate transfer belt 8. For example, in
the image correction process, a light emitting time when
each of the light beams Y to C is emitted to corresponding
one of the respective photoconductive members 120y to
120c¢ is changed in accordance with the adjusted misalign-
ment amount. Otherwise, an inclination of a reflective mirror
that reflects the light beam can be also changed in accor-
dance therewith as well. To adjust the inclination of the
reflective mirror, it can be driven by a stepping motor
attached to the reflective mirror in the optical writing
system. Yet otherwise, image data itself can be changed in
accordance with the adjusted amount of misalignment as
well.

Of the multi-color misalignment amounts, the main scan-
ning registration misalignment and the sub-scanning regis-
tration misalignment can be corrected by changing a writing
time of the laser beam onto the photoconductive member.
Similarly, of the multi-color misalignment amounts, the
main scanning magnification error can be digitally corrected
by changing a frequency of pixel clocks. Because of this,
these multi-color misalignment amounts can be adjusted
when calculation of the misalignment amount is completed
even during the print job and an interval between sheets
passes through a transfer station. By contrast, however, the
skew misalignment is necessary adjusted to align images on
each of the component color photoconductive members by
mechanically operating a mirror or the like disposed in the
optical path by using a motor or the like. Accordingly, the
skew misalignment cannot be adjusted in such a short time
when the interval between sheets in a process of printing
passes through the transfer station. Because of this, in the
multi-color misalignment correction control executed during
the print job, a skew misalignment adjustment process
cannot be continuously conducted immediately after an
amount of skew misalignment is calculated. Accordingly,
the skew misalignment adjustment process is necessarily
conducted when correction control is implemented during
the system idling time. Now, an exemplary image adjust-
ment control process (i.e., sequence) according to one
embodiment of the present invention is described with
reference to FIG. 9. That is, FIG. 9 illustrates an exemplary
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image adjustment control process with a flowchart according
to one embodiment of the present invention. First of all, in
the image forming apparatus, when a print job start signal is
output from the print job control unit 252 to the control unit
250, the control unit 250 starts an image formation process
in step S1. It is determine in step S whether or not the print
job is completed based on the information transmitted from
the print job control unit 252 to the control unit 250. If the
print job is completed (Yes, in step S2), the process goes to
step S3. By contrast, if the print job is not completed (No,
in step S2), the process goes to step S8.

Specifically, when it is determined in step S2 that the print
job is completed (Yes, in step S2), it is further determined in
step S3 by the adjustment executing time control unit 250e
if the amount of skew misalignment reaches a prescribed
threshold A or more. If it is determined by the adjustment
executing time control unit 250e that the amount of skew
misalignment reaches the prescribed threshold A or more
(Yes, in step S3), the process goes to step S4. By contrast,
if it is determined by the adjustment executing time control
unit 250e that the amount of skew misalignment is below the
prescribed threshold A (No, in step S3), the process ends.
Here, the threshold A is stored in a region of a memory unit
253 and can be rewritten by accessing the region from an
outside thereof while implementing a special operation, such
as inputting a password, etc.

In step S4, the adjustment unit 250¢ sets an system idling
period multi-color misalignment correction control mode as
a multi-color misalignment correction control mode, and the
test pattern forming unit 250a forms multiple color mis-
alignment detection test pattern images 42a, 42b, and 42¢ by
controlling the optical writing unit 7 and the drive sources
for the respective photoconductive members 1Y, 1M, 1C,
and 1K. Subsequent to step S4, these multiple color mis-
alignment detection test pattern images 42a, 42b, and 42¢
formed in this way are read by the optical sensing unit 150,
and it is determined by the test pattern detecting unit 251
whether or not these multiple color misalignment detection
test pattern images 42a, 42b, and 42¢ are normally (i.e.,
successfully) read in step S5. When it is determined by the
test pattern detecting unit 251 that the multiple color mis-
alignment detection test pattern images 42a, 42b, and 42¢
are normally (i.e., successfully) read (Yes, in step S5), the
process goes to step S6. By contrast, when it is determined
by the test pattern detecting unit 251 that the multiple color
misalignment detection test pattern images 42a, 42b, and
42¢ are not normally (i.e., successfully) read (No, in step
S5), the process goes to step S7, and the number of correc-
tion failures stored in the memory unit 253 is increased by
one. Subsequently, the process ends. Specifically, in step S6,
the misalignment amount calculation unit 2505 calculates an
amount of registration misalignment, an amount of magni-
fication misalignment, and an amount of skew misalignment
as well, and subsequently, the adjustment unit 250¢ conducts
an image adjustment process to adjust the registration mis-
alignment, the magnification misalignment, and the skew
misalignment as well based on the calculation results. The
operation is then completed.

By contrast, when it is determined in step S2 that the print
job is not completed (No, in step S2), it is further determined
by the adjustment executing time control unit 250e whether
or not it is a time to perform multi-color misalignment
correction control during the print job in step S8. When it is
determined by the adjustment executing time control unit
250e¢ that it is a time to perform multi-color misalignment
correction control in step S8 (Yes, in step S8), the process
goes to step S9. By contrast, when it is determined by the
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adjustment executing time control unit 250e that it is not a
time to perform multi-color misalignment correction control
in step S8 (No, in step S8), the process returns to step S1.
Specifically, in step S9, the adjustment unit 250c¢ sets a print
job period multi-color misalignment correction control
mode as a multi-color misalignment correction control
mode, and the test pattern forming unit 250a forms multiple
color misalignment detection test pattern images 42a and
42¢ by controlling the optical writing unit 7 and the drive
sources for the respective photoconductive members 1Y,
1M, 1C, and 1K as well.

Subsequent to step S9, the multiple color misalignment
detection test pattern images 42a¢ and 42¢ formed as
described above are read by the optical sensing unit 150. It
is then determined by the test pattern detecting unit 251
whether or not these multiple color misalignment detection
test pattern images 42a, 42b, and 42¢ are normally (i.e.,
successfully) read in step S10. When it is determined by the
test pattern detecting unit 251 that the multiple color mis-
alignment detection test pattern images 42a, 42b, and 42¢
are normally (i.e., successfully) read (Yes, in step S10), the
process goes to step S11. By contrast, when it is determined
by the test pattern detecting unit 251 that the multiple color
misalignment detection test pattern images 42a to 42¢ are
not normally (i.e., successfully) read (No, in step S10), the
process goes to step S12, and the number of correction
failures stored in the memory unit 253 is increased by one.
The operation is then completed (i.e., the process ends).
Specifically, in step S11, the misalignment amount calcula-
tion unit 2505 calculates an amount of registration misalign-
ment, an amount of magnification misalignment, and an
amount of skew misalignment as well, and the adjustment
unit 250c¢ then conducts image adjustment regarding the
registration misalignment and the magnification misalign-
ment based on the calculation results. Subsequent to step
S11, the amount of skew misalignment calculated in step
S11 is stored in the memory unit 253 in step S13. Subse-
quently, the process returns to step S1.

In the past, when color skew correction control is con-
ducted during a print job but a skew misalignment amount
calculated by the misalignment amount calculation unit
25056 is not stored in the memory unit 253, the determination
if the skew misalignment amount exceeds the prescribed
threshold is only implemented when the multi-color mis-
alignment correction control is performed during the system
idling time. By contrast, however, according to one embodi-
ment of the present invention, since color skew correction
control is conducted during a print job while a skew mis-
alignment amount calculated by the misalignment amount
calculation unit 25056 is stored in the memory unit 253 as
well, the determination if the skew misalignment amount
exceeds the threshold can be implemented immediately after
the end of the print job. Hence, since the multi-color
misalignment correction control is immediately performed
to correct the skew misalignment amount when the skew
misalignment amount exceeds the prescribed threshold, the
skew misalignment can be prevented from growing while
forming a high-quality image with less multi-color misalign-
ment. Further, according to one embodiment of the present
invention, effectiveness of the image formation process can
be more desirably maintained when compared to a situation
in which an interval between executions of multi-color
misalignment correction control during the system idling
time is shortened in the same way. That is, according to one
embodiment of the present invention, even though the
interval between executions of multi-color misalignment
correction control during the system idling time is the same
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as in the past, the multi-color misalignment correction
control is additionally performed during the system idling
time only when the skew misalignment amount calculated in
the multi-color misalignment correction control executed
during the print job exceeds the threshold.

Now, an exemplary modification of an image adjustment
control process is described herein below with reference to
FIG. 10. Specifically, FIG. 10 illustrates the exemplary
modification of an image adjustment control process with a
flowchart. As shown there, in an image forming apparatus,
first of all, when the print job control unit 252 outputs a print
job start signal to the control unit 250, the control unit 250
starts an image formation process in step S101. It is then
determined in step S102 whether or not the print job is
completed based on the information transmitted from the
print job control unit 252 to the control unit 250. When the
print job is completed (Yes, in step S102), the process goes
to step S103. By contrast, when the print job is not com-
pleted (No, in step S102), the process goes to step S108.

When it is determined in step S102 that the print job ends,
it is further determined in step S103 by the adjustment
executing time control unit 250e if an amount of skew
misalignment reaches the prescribed threshold A or more.
When the amount of skew misalignment reaches the pre-
scribed threshold A or more (Yes, in step S103), the process
goes to step S104. By contrast, when the amount of skew
misalignment does not reach the prescribed threshold A or
more (No, in step S103), the process ends. Here, the pre-
scribed threshold A is stored in a region of the memory unit
253 and can be rewritten by accessing the region from an
outside thereof while implementing a special operation, such
as inputting a password, etc. Further, since there exist
various types of image forming apparatuses from a high-end
machine to a low-end machine, the threshold may be set
depending on demands or needs of end users.

In step S104, the adjustment unit 250c¢ sets an system
idling period multi-color misalignment correction control
mode as a multi-color misalignment correction control
mode, and the test pattern forming unit 250a forms multiple
color misalignment detection test pattern images 42a, 425,
and 42¢ by controlling the optical writing unit 7 and the
drive sources for the respective photoconductive members
1Y, 1M, 1C, and 1K. Subsequent to step S104, the multiple
color misalignment detection test pattern images 42a, 425,
and 42¢ formed as described above are read by the optical
sensing unit 150. It is then determined by the test pattern
detecting unit 251 whether or not these multiple color
misalignment detection test pattern images 42a, 42b, and
42c¢ are normally (i.e., successtully) read in step S105. When
it is determined by the test pattern detecting unit 251 that the
multiple color misalignment detection test pattern images
42a, 425, and 42¢ are normally (i.e., successfully) read (Yes,
in step S105), the process goes to step S106. By contrast,
when it is determined by the test pattern detecting unit 251
that the multiple color misalignment detection test pattern
images 42a, 42b, and 42¢ are not normally (i.e., success-
fully) read (No, in step S105), the process goes to step S107,
and the number of correction failures stored in the memory
unit 253 is increased by one. Subsequently, the process ends.
In step S106, the misalignment amount calculation unit 2505
calculates an amount of registration misalignment, an
amount of magnification misalignment, and an amount of
skew misalignment as well. Subsequently, the adjustment
unit 250¢ conducts image adjustment regarding the regis-
tration misalignment, the magnification misalignment, and
the skew misalignment based on the calculation results.
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By contrast, when it is determined in step S102 that the
print job is not completed (No, in step S102), it is further
determined by the adjustment executing time control unit
250¢ whether or not it is a time to perform multi-color
misalignment correction control during the print job in step
S108. When it is determined by the adjustment executing
time control unit 250e that it is a time to perform multi-color
misalignment correction control in step S108 (Yes, in step
S108), the process goes to step S109. By contrast, when it
is determined by the adjustment executing time control unit
250e¢ that it is not a time to perform multi-color misalign-
ment correction control during the print job in step S108
(No, in step S108), the process returns to step S101. In step
S109, the adjustment unit 250¢ sets a print job period
multi-color misalignment correction control mode as a
multi-color misalignment correction control mode, and the
test pattern forming unit 250q then forms multiple color
misalignment detection test pattern images 42a and 42¢ by
controlling the optical writing unit 7 and the drive sources
for the respective photoconductive members 1Y, 1M, 1C,
and 1K.

Subsequent to step S109, the multiple color misalignment
detection test pattern images 42a¢ and 42¢ formed as
described above are read by the optical sensing unit 150. It
is then determined by the test pattern detecting unit 251
whether or not these multiple color misalignment detection
test pattern images 42a and 42¢ are normally (i.e., success-
fully) read in step S110. When it is determined by the test
pattern detecting unit 251 that the multiple color misalign-
ment detection test pattern images 42a and 42¢ are normally
(i.e., successfully) read (Yes, in step S110), the process goes
to step S111. By contrast, when it is determined by the test
pattern detecting unit 251 that the multiple color misalign-
ment detection test pattern images 42a and 42¢ are not
normally (i.e., successfully) read (No, in step S110), the
process goes to step S112, and the number of correction
failures stored in the memory unit 253 is increased by one.
The process then returns to step S101. In step S111, the
misalignment amount calculation unit 2505 calculates an
amount of registration misalignment, an amount of magni-
fication misalignment, and an amount of skew misalignment
as well, and the adjustment unit 250¢ conducts image
adjustment only regarding the registration misalignment, the
magnification misalignment based on the calculation results.
Subsequent to step S111, the amount of skew misalignment
calculated in step S111 is stored in the memory unit 253 in
step S113.

Subsequent to step S113, it is determined in step S114 by
the print job control unit 252 whether or not the number of
remaining print job sheets reaches a prescribed threshold R
or more. When it is determined that the number of remaining
print job sheets reaches the prescribed threshold R or more,
the process goes to step S115. By contrast, when it is
determined in step S114 by the print job control unit 252 that
the number of remaining print job sheets does not reach the
prescribed threshold R or more, the process returns to step
S101. Here, the threshold R is stored in a region of a memory
unit 253 and can be rewritten by accessing the region from
an outside thereof while implementing a special operation
such as inputting a password, etc. Further, it is determined
in step S115 by the adjustment executing time control unit
250¢ whether or not the amount of skew misalignment
stored in the memory unit 253 in step S113 reaches a
prescribed threshold B or more. When it is determined in
step S115 by the adjustment executing time control unit
250¢ that the amount of skew misalignment stored in the
memory unit 253 in step S113 reaches the prescribed thresh-
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old B or more, this effect (i.e., information of the determi-
nation) is transmitted to the print job control unit 252 from
the control unit 250. Subsequently, in step S16, the print job
control unit 252 temporarily stops the print job. By contrast,
when it is determined in step S115 by the adjustment
executing time control unit 250e that the amount of skew
misalignment stored in the memory unit 253 in step S113
does not reach the prescribed threshold B or more, the
process returns to step S101. Here, the threshold R is stored
in a region of a memory unit 253 and can be rewritten by
accessing the region from an outside thereof while imple-
menting a special operation such as inputting a password,
etc.

Further, after the print job control unit 252 temporarily
stops the print job in step S116, the adjustment unit 250c sets
an system idling period multi-color misalignment correction
control mode as a multi-color misalignment correction con-
trol mode, and the test pattern forming unit 250a forms
multiple color misalignment detection test pattern images
42a, 42b, and 42¢ by controlling the optical writing unit 7
and the drive sources for the respective photoconductive
members 1Y, 1M, 1C, and 1K. Subsequent to step S117, the
multiple color misalignment detection test pattern images
42a, 42b, and 42¢ formed in this way are read by the optical
sensing unit 150, and it is determined by the test pattern
detecting unit 251 whether or not these multiple color
misalignment detection test pattern images 42a, 42b, and
42c¢ are normally (i.e., successfully) read in step S118. When
it is determined by the test pattern detecting unit 251 that the
multiple color misalignment detection test pattern images
42a, 425, and 42¢ are normally (i.e., successfully) read (Yes,
in step S118), the process goes to step S119. By contrast,
when it is determined by the test pattern detecting unit 251
that the multiple color misalignment detection test pattern
images 42a, 42b, and 42¢ are not normally (i.e., success-
fully) read (No, in step S118), the process goes to step S120,
and the number of correction failures stored in the memory
unit 253 is increased by one. Subsequently, the process
returns to step S101. In step S119, the misalignment amount
calculation unit 25056 calculates an amount of registration
misalignment, an amount of magnification misalignment,
and an amount of skew misalignment as well, and the
adjustment unit 250¢ conducts image adjustment regarding
the registration misalignment, the magnification misalign-
ment, and the skew misalignment based on the calculation
results. Subsequent to step S119, information of the effect of
completion of the an image adjustment process is transmit-
ted to the print job control unit 252 from the control unit 250
the print job control unit 252 then resumes the print job in
step S121. The process then returns to step S101.

Here, in the process shown in FIG. 9, the color system
idling period correction control runs after the end of the print
job even when the skew misalignment accumulates and
grows during the print job. By contrast, however, in the
process shown in FIG. 10, the color system idling period
correction control is implemented while interrupting the
print job when the skew misalignment accumulates and
grows during the print job. Because of this, when a print job
necessitating the large number of sheets is to be imple-
mented, the process shown in FIG. 10 can more greatly
reduce the multi-color misalignment than the process as
described with reference to FIG. 9. Meanwhile, the process
shown in FIG. 10 needs a longer system downtime than that
of FIG. 9. Accordingly, to resolve such a problem, the
threshold B desirably amounts to a level not to frequently



US 9,471,021 B2

21

interrupt the print job in the process shown in FIG. 10. For
example, the threshold B is set greater than the threshold A
or the like.

According to one embodiment of the present invention,
high-quality images can be obtained while reducing multi-
color misalignment and maintaining effectiveness of an
image formation process as well. That is, according to one
embodiment of the present invention, although the skew
misalignment correction needs relatively a long time, the
image formation process can be continuously effective. In
addition, the skew misalignment can be prevented from
growing, while forming a high-quality image with less
multi-color misalignment.

That is, an image forming apparatus includes multiple
latent image bearers to bear latent images thereon, respec-
tively; multiple latent image writing units to write multiple
latent images and multiple color misalignment detection test
pattern images on the multiple latent image bearers, respec-
tively; and multiple developing devices to render the mul-
tiple latent images and multiple color misalignment detec-
tion test pattern images borne on the multiple latent image
bearers visible with toner of component colors, respectively.
Multiple transfer units are also provided in the novel image
forming apparatus to transfer and superimpose visible
images rendered visible by the multiple developing devices
and borne on the multiple latent image bearers, respectively,
onto either an intermediate transfer member or a recording
medium; multiple test pattern image detectors to detect the
multiple color misalignment detection test pattern images
transferred from the multiple latent image bearers onto
either the intermediate transfer member or the recording
medium, and the multiple test pattern image detectors out-
putting position readings of the multiple color misalignment
detection test pattern images. Further included in the novel
image forming apparatus are a multi-color misalignment
calculator to calculate an amount of multi-color misalign-
ment of the multiple color misalignment detection test
pattern images including skew misalignment thereof based
on the position readings outputted from the multiple test
pattern image detectors; and an image formation condition
adjusting unit to change an image formation condition in
accordance with the amount of multi-color misalignment of
the multiple color misalignment detection test pattern
images calculated by the multi-color misalignment calcula-
tor. Yet further included in the novel image forming appa-
ratus are a process control unit to initiate first and second
multi-color misalignment correction control modes to cor-
rect multi-color misalignment of the multiple color mis-
alignment detection test pattern images by executing a skew
misalignment correction process during a system idling time
period to correct the skew misalignment and a misalignment
correction process other than the skew misalignment cor-
rection process during an image forming operation time
period, respectively; and a memory to store the amount of
skew misalignment calculated by the multi-color misalign-
ment calculator when the process control unit initiates the
second multi-color misalignment correction control mode
while excluding the skew misalignment correction process.
The process control unit initiates the first multi-color mis-
alignment correction control mode to execute the skew
misalignment correction process when the amount of skew
misalignment stored in the memory reaches a prescribed
threshold, and the multiple latent image writing units correct
the multi-color misalignment in accordance with the image
formation condition changed by the image formation con-
dition adjusting unit in the first and second multi-color
misalignment correction control modes.
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Hence, even if multi-color misalignment correction con-
trol is executed without correcting skew misalignment dur-
ing the print job, at least the skew misalignment amount is
calculated and is then stored in the memory unit 253 acting
as a memory, for example. Accordingly, a determination if
an amount of skew misalignment reaches the prescribed
threshold can be realized even when the multi-color mis-
alignment correction control is executed without the skew
misalignment correction. Further, the control unit 250
executes multi-color misalignment correction control
including skew misalignment correction when the amount of
skew misalignment stored in the memory unit 253 reaches
the prescribed threshold. Furthermore, the control unit 250
executes the skew misalignment correction when the amount
of skew misalignment stored in the memory unit 253 reaches
the prescribed threshold.

According to another embodiment of the present inven-
tion, although the skew misalignment correction needs rela-
tively a long time, the image formation process. In addition,
the skew misalignment can be more highly likely continu-
ously effective highly likely prevented from growing while
forming a high-quality image with less component multi-
color misalignment. Specifically, even when print jobs are
continuously executed, the image formation process can be
more highly likely continuously effective. That is, the pro-
cess control unit initiates the first multi-color misalignment
correction control mode including the skew misalignment
correction process to correct the skew misalignment instead
of the second multi-color misalignment correction control
mode when the process control unit determines that the
amount of skew misalignment calculated by the multi-color
misalignment calculator reaches a prescribed threshold dur-
ing execution the second multi-color misalignment correc-
tion control mode and the print job is completed.

According to yet another embodiment of the present
invention, although the skew misalignment correction needs
relatively a long time, the image formation process can be
more highly likely continuously effective. In addition, the
skew misalignment can be more highly likely prevented
from growing while forming a high-quality image with less
component multi-color misalignment. Specifically, when the
skew misalignment correction is scheduled only after the
end of the print job as in the above-described second
embodiment and the skew misalignment amount has already
reached the prescribed threshold but a large number of
image formations on multiple sheets remain uncompleted, a
large number of images with great multi-color misalignment
due to the skew misalignment are necessarily formed. How-
ever, according to another embodiment of the present inven-
tion, since the skew misalignment is corrected while inter-
rupting the print job in such a situation, a large number of
images with large multi-color misalignment due to the skew
misalignment can be prevented from being necessarily
formed. That is, a print job control unit is provided to control
a print job The process control unit instructs the print job
control unit to interrupt a current print job to conduct the first
multi-color misalignment correction control mode and cor-
rect the skew misalignment when the amount of skew
misalignment calculated by the multi-color misalignment
calculator reaches a first prescribed threshold during the
second multi-color misalignment correction control mode
and a prescribed number of images to be formed on record-
ing media remains in the current print job. The process
control unit instructs the print job control unit to resume the
print job when the first multi-color misalignment correction
control mode to correct the skew misalignment is com-
pleted.
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According to yet another embodiment of the present
invention, although the skew misalignment correction needs
relatively a long time, the image formation process can be
more highly likely continuously effective. In addition, the
skew misalignment can be more highly likely prevented
from growing while forming a high-quality image with less
component multi-color misalignment. Specifically, accord-
ing to yet another embodiment of the present invention,
since a rotary driving motor for driving a polygon mirror
disposed in the optical writing unit 7 or the like is controlled
to adjust scanning lines based on a result of calculation of
the skew misalignment amount obtained when the multi-
color misalignment correction control is executed, compo-
nent multi-color misalignment occurring due to the skew
misalignment can be effectively reduced while improving
image quality. That is, multiple drive sources are provided to
drive the respective latent image writing units. The process
control unit transmits a prescribed instruction to at least one
of applicable drive sources to correct skew misalignment in
accordance with the amount of skew misalignment calcu-
lated by the multi-color misalignment calculator. Further,
the at least one of applicable latent image writing units
changes a position or an inclination of a scanning line of its
own based on the instruction transmitted from the process
control unit.

According to yet another embodiment of the present
invention, although the skew misalignment correction needs
relatively a long time, the image formation process can be
more highly likely continuously effective while preventing
the skew misalignment from growing and thereby forming a
high-quality image with less component multi-color mis-
alignment. Further, although there generally exists various
types of image forming apparatuses from a high-end
machine to a low-end machine, and image quality is some-
times expected to be variable depending on usage of printed
materials such that a priority is given to a printing speed not
to an image quality and, by contrast, a priority is given to the
image quality not to the printing speed as well, the image
formation process can be more highly likely continuously
effective while preventing the skew misalignment from
growing and thereby forming a high-quality image with less
component multi-color misalignment. That is, the prescribed
threshold is stored in a prescribed region of the memory and
is changeable by allowing access from an outside thereof
when a special operation is provided thereto. That is, since
the threshold is rendered variable, an optimal threshold can
be optionally set in accordance with the image quality
sought by a user as well.

Numerous additional modifications and variations of the
present invention are possible in light of the above teach-
ings. It is therefore to be understood that within the scope of
the appended claims, the present invention may be executed
otherwise than as specifically described herein. For example,
the image forming apparatus is not limited to the above-
described various embodiments and may be altered as
appropriate. Further, the method of forming an image is not
limited to the above-described various embodiments and
may be altered as appropriate. For example, steps of the
method can be altered as appropriate.

What is claimed is:

1. An image forming apparatus comprising:

multiple latent image bearers to bear latent images;

multiple latent image writing units to write multiple latent

images and multiple color misalignment detection test

pattern images on the multiple latent image bearers;
multiple developing devices to render the multiple latent

images and multiple color misalignment detection test
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pattern images borne on the multiple latent image
bearers visible with toner of component colors;

multiple transfer units to transfer and superimpose the
visible images from the multiple latent image bearers
onto either an intermediate transfer member or a
recording medium;

multiple test pattern image detectors to detect the multiple
color misalignment detection test pattern images trans-
ferred from the multiple latent image bearers onto
either the intermediate transfer member or the record-
ing medium, the multiple test pattern image detectors
outputting position readings of the multiple color mis-
alignment detection test pattern images;

a multi-color misalignment calculator to calculate an
amount of multi-color misalignment of the multiple
color misalignment detection test pattern images based
on the position readings outputted from the multiple
test pattern image detectors, the amount of multi-color
misalignment including an amount of skew misalign-
ment of each of multiple color misalignment detection
test pattern images;

an image formation condition adjusting unit to change an
image formation condition of the image forming appa-
ratus in accordance with the amount of multi-color
misalignment of each of the multiple color misalign-
ment detection test pattern images calculated by the
multi-color misalignment calculator;

a process control unit to run a first multi-color misalign-
ment correction control mode and a second multi-color
misalignment correction control mode to correct the
multi-color misalignment of the multiple color mis-
alignment detection test pattern images, the first multi-
color misalignment correction control mode executing
a skew misalignment correction process during a sys-
tem idling time period to correct the skew misalign-
ment, the second multi-color misalignment correction
control mode executing a misalignment correction pro-
cess other than the skew misalignment correction pro-
cess during an image forming operation time period;
and

a memory to store the amount of skew misalignment
calculated by the multi-color misalignment calculator
when the process control unit initiates the second
multi-color misalignment correction control mode
while excluding the skew misalignment correction pro-
cess,

the process control unit initiating the first multi-color
misalignment correction control mode to execute the
skew misalignment correction process when determin-
ing, in response to a print job being completed, that the
amount of skew misalignment stored in the memory
reaches a first prescribed threshold,

the process control unit instructing interruption of a
current print job to conduct the first multi-color mis-
alignment correction control mode and correct the skew
misalignment when the amount of skew misalignment
calculated by the multi-color misalignment calculator
reaches a second prescribed threshold greater than the
first prescribed threshold, and

the multiple latent image writing units correcting the
multi-color misalignment in accordance with the image
formation condition changed by the image formation
condition adjusting unit in the first and second multi-
color misalignment correction control modes.

2. The image forming apparatus as claimed in claim 1,

wherein the process control unit initiates the first multi-color
misalignment correction control mode including the skew
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misalignment correction process to correct the skew mis-
alignment instead of the second multi-color misalignment
correction control mode when the process control unit
determines that the amount of skew misalignment calculated
by the multi-color misalignment calculator reaches the first
prescribed threshold and the print job is completed.
3. The image forming apparatus as claimed in claim 1,
further comprising a print job control unit to control the print
job,
wherein the process control unit instructs the print job
control unit to interrupt the current print job to conduct
the first multi-color misalignment correction control
mode and correct the skew misalignment when the
amount of skew misalignment calculated by the multi-
color misalignment calculator reaches the second pre-
scribed threshold greater than the first prescribed
threshold and a prescribed number of images to be
formed on recording media remains in the second
multi-color misalignment correction control mode, and

wherein the process control unit instructs the print job
control unit to resume the print job when the first
multi-color misalignment correction control mode to
correct the skew misalignment is completed.

4. The image forming apparatus as claimed in claim 1,
further comprising multiple drive sources to drive the
respective latent image writing units,

wherein the process control unit transmits a prescribed

instruction to at least one of applicable drive sources to
correct skew misalignment in accordance with the
amount of skew misalignment calculated by the multi-
color misalignment calculator, and

wherein the at least one of applicable latent image writing

units changes a position or an inclination of a scanning
line of its own based on the instruction transmitted
from the process control unit.

5. The image forming apparatus as claimed in claim 1,
wherein the first prescribed threshold is stored in a pre-
scribed region of the memory and is changeable, the pre-
scribed region of the memory being externally accessible.

6. A method of forming an image comprising the steps of:

starting a print job;
writing multiple latent images on multiple latent image
bearers with multiple latent image writers;

developing the multiple latent images borne on the mul-
tiple latent image bearers into visible images with
multiple developing devices;
transferring and superimposing the visible images with
multiple transfer devices from the multiple latent image
bearers onto either an intermediate transfer member or
a recording medium;

timely forming multiple color misalignment detection test
pattern images composed of component color images
on the multiple latent image bearers;
transferring the multiple color misalignment detection test
pattern images composed of component color images
onto either the intermediate transfer member or the
recording medium from the multiple latent image bear-
ers;
optically detecting the multiple color misalignment detec-
tion test pattern images with circuitry on either the
intermediate transfer member or the recording medium;

generating position readings of the multiple color mis-
alignment detection test pattern images with the cir-
cuitry;

calculating an amount of multi-color misalignment of

each of the multiple color misalignment detection test
pattern images borne on either the intermediate transfer
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member or the recording medium with the circuitry
based on the position readings outputted from the
circuitry, the amount of multi-color misalignment
including an amount of registration misalignment and
an amount of skew misalignment;

changing an image formation condition per component

color with the circuitry in accordance with the amount
of multi-color misalignment of each of the multiple
color misalignment detection test pattern images cal-
culated by the circuitry;

initiating a second multi-color misalignment correction

control mode including a registration misalignment
correction process and excluding a skew misalignment
correction process during the print job to correct the
registration misalignment of the multiple color mis-
alignment detection test pattern images;

storing the amount of skew misalignment calculated by

the circuitry in a memory during the second multi-color
misalignment correction control mode;

determining, with the circuitry, in response to the print job

being completed, if the amount of skew misalignment
stored in the memory exceeds a prescribed first thresh-
old;
initiating a first multi-color misalignment correction con-
trol mode including the skew misalignment correction
process to correct the skew misalignment of the mul-
tiple color misalignment detection test pattern images
when determination of the step of determining if the
amount of skew misalignment stored in the memory
exceeds the prescribed first threshold is positive;

interrupting a current print job to start the step of initiating
a first multi-color misalignment correction control
mode including the skew misalignment correction pro-
cess to correct the skew misalignment of the multiple
color misalignment detection test pattern images, when
the amount of skew misalignment stored in the memory
exceeds a prescribed second threshold greater than the
first prescribed threshold; and

driving multiple latent image writers in accordance with

the image formation condition changed by the circuitry
during the first and second multi-color misalignment
correction control modes.

7. The method as claimed in claim 6, further comprising
the step of stopping the print job when determination of the
step of determining if the amount of skew misalignment
stored in the memory exceeds the prescribed first threshold
is positive, wherein the step of initiating the first multi-color
misalignment correction control mode including the skew
misalignment correction process to correct the skew mis-
alignment starts immediately after the step of stopping the
print job.

8. The method as claimed in claim 6, further comprising
the steps of:

determining if the amount of skew misalignment stored in

the memory exceeds the prescribed second threshold
greater than the first threshold;

determining if a prescribed number of images to be

formed on recording media in the current print job
remains when the step of determining if the amount of
skew misalignment stored in the memory exceeds the
prescribed second threshold greater than the first
threshold is positive;

interrupting the current print job to start the step of

initiating a first multi-color misalignment correction
control mode including the skew misalignment correc-
tion process to correct the skew misalignment of the
multiple color misalignment detection test pattern
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images, when it is determined that the amount of skew
misalignment stored in the memory exceeds the pre-
scribed second threshold greater than the first pre-
scribed threshold and the prescribed number of images
to be formed on the recording media in the current print
job remains; and

resuming the print job when the step of interrupting the

current print job to start the step of initiating a first
multi-color misalignment correction control mode
including the skew misalignment correction process to
correct the skew misalignment is terminated.

9. The method as claimed in claim 6, wherein the step of
driving multiple latent image writers in accordance with the
image formation condition changed by the circuitry during
the first and second multi-color misalignment correction
control modes includes the sub steps of:

transmitting instructions to multiple drive sources for

driving the multiple latent image writers to correct
skew misalignment in accordance with a detected
amount of skew misalignment; and

adjusting either positions or inclinations of scanning lines

of the multiple latent image writers based on the
instructions.

10. The method as claimed in claim 6, further comprising
the steps of:

storing the first prescribed threshold of skew misalign-

ment in a prescribed region of the memory; and
allowing access from an outside thereof to change the
prescribed first threshold.
11. An image forming apparatus comprising:
multiple latent image bearers to bear latent images;
multiple latent image writers to write multiple latent
images and multiple color misalignment detection test
pattern images on the multiple latent image bearers;

multiple developing devices to render the multiple latent
images and multiple color misalignment detection test
pattern images borne on the multiple latent image
bearers visible with toner of component colors;

multiple transfer devices, including rollers, to transfer and
superimpose the visible images from the multiple latent
image bearers onto either an intermediate transfer
member or a recording medium;

a memory; and

circuitry configured to

detect the multiple color misalignment detection test
pattern images transferred from the multiple latent
image bearers onto either the intermediate transfer
member or the recording medium, the multiple test
pattern image detectors outputting position readings
of the multiple color misalignment detection test
pattern images,
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calculate an amount of multi-color misalignment of the
multiple color misalignment detection test pattern
images based on the position readings outputted
from the multiple test pattern image detectors, the
amount of multi-color misalignment including an
amount of skew misalignment of each of multiple
color misalignment detection test pattern images,

change an image formation condition of the image
forming apparatus in accordance with the amount of
multi-color misalignment of each of the multiple
color misalignment detection test pattern images
calculated by the circuitry, and

run a first multi-color misalignment correction control
mode and a second multi-color misalignment cor-
rection control mode to correct the multi-color mis-
alignment of the multiple color misalignment detec-
tion test pattern images, the first multi-color
misalignment correction control mode executing a
skew misalignment correction process during a sys-
tem idling time period to correct the skew misalign-
ment, the second multi-color misalignment correc-
tion control mode executing a misalignment
correction process other than the skew misalignment
correction process during an image forming opera-
tion time period, wherein

the memory is configured to store the amount of skew
misalignment calculated by the circuitry when the
circuitry initiates the second multi-color misalignment
correction control mode while excluding the skew
misalignment correction process,

the circuitry is configured to initiate the first multi-color
misalignment correction control mode to execute the
skew misalignment correction process when determin-
ing, in response to a print job being completed, that the
amount of skew misalignment stored in the memory
reaches a first prescribed threshold,

the circuitry is configured to instruct interruption of a
current print job to conduct the first multi-color mis-
alignment correction control mode and correct the skew
misalignment when the amount of skew misalignment
calculated by the circuitry reaches a second prescribed
threshold greater than the first prescribed threshold, and

the multiple latent image writers correct the multi-color
misalignment in accordance with the image formation
condition changed by the circuitry in the first and
second multi-color misalignment correction control
modes.



